individual differences in cognitive processing speed and response execution were examined in relation to extraversion. Event-related potentials (ERPs) were recorded concurrently with reaction time and movement time (MT) measures as participants (N = 67) performed simple reaction time and stimulusresponse compatibility tasks. Slower processing speed for extraverts, as indicated by longer latency of a late positive ERP wave, P3, was only evident in conditions in which stimulus information was in conflict with response selection demands. As previously reported, the salient effect in all conditions of both tasks was faster MT for extraverts, an effect that is indicative of differences in fundamental motor processes, On the simple reaction time task, amplitudes of the Nl component, an early negative ERP wave, were smaller for extraverts than for introverts in response to auditory tones, an effect that affirms the enhanced sensory reactivity of introverts to punctate physical stimuli.
The extraversion trait is one of the most intensively investigated traits in the domain of personality description. Moreover, there is a voluminous literature documenting the efforts to determine the causal bases of variation in extraversion by examining the arousal hypothesis (Eysenck, 1967 (Eysenck, , 1981 . In this respect, the arousal construct has had significant heuristic value even as the physiological processes that framed the construct diminished in importance. Individual differences in cortico-reticular activity that were posed as a plausible basis for differences in attention, motivation, and learning that distinguished introverts and extraverts, yielded to progress in the articulation of the physiological structures and neurochemical pathways that served those psychological processes. From the extensive body of research that was inspired by the arousal hypothesis, some reliable and replicable effects can be extracted that show a good convergence between the behavioral expressions of the extraversion trait and experimental effects that probe the causal bases of extraversion. These effects, which were observed with a wide range of psychological recording methods and under a variety of conditions, converge on differences between introverts and extraverts in their reaction to sensory stimulation and in their expression of motor activity.
In our review of this literature (Stelmack, 1990 (Stelmack, , 1997 , two fundamental processes can be inferred that direct the attempt to Cynthia Doucet and Robert M. Stelmack, School of Psychology, University of Ottawa, Ottawa, Ontario, Canada.
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Correspondence concerning this article should be addressed to Robert M. Stelmack, School of Psychology, 408 B Montpetit Hall, University of Ottawa, Ottawa, Ontario, Canada KIN 6N5. Electronic mail may be sent to stelmack@ nottawaxa. elaborate the biological bases of extraversion. First, there is compelling evidence indicating that introverts are more reactive or sensitive to punctate physical stimulation than are extraverts. This effect is observed across all sensory modalities with a variety of psychophysical measures of sensory sensitivity and with psychophysiological measures of electrodermal activity, startle reflexes, and event-related potentials {ERPs) to brief tones and lights. These effects appear to meld with the preference of introverts for quiet and solitude (Campbell & Hawley, 1982; Dornic & Ekehammar, 1990) and with their tendency toward withdrawal as a coping strategy in stressful social situations (Endler & Parker, 1990) . Second, introverts and extraverts are shown to differ in their expression of motor behavior on a variety of tasks that require a simple motor response, with extraverts tending to initiate faster and more frequent responses than introverts (Stelmack, 1985) . These effects also appear consistent with, the disposition of extraverts to greater spontaneity, social disinhibition, impulsiveness (Barratt & Patton, 1983; Eysenck & Eysenck, 1991; Newman, 1987) , and general physical activity compared with introverts (Eysenck, Nias, & Cox, 1982) . Moreover, there is some evidence that both the sensory and motor processes that characterize individual differences in extraversion can be referred to peripheral levels of the nervous system (Swickert <& Gilliland, 1998; Stelmack & Pivik, 19%; Stelmack & Wilson, 1982) . In the present article, we pursue this line of inquiry into the biological bases of extraversion by reporting an ERP analysis that explored the cognitive and motor processes that have been implicated in individual differences in the extraversion trait Research examining individual differences in extraversion using response time measures, such as a button press or release, present a puzzling picture of positive, negative, and neutral results (Doucet & Stelmack, 1997) . Response time, however, can be decomposed to include components such as stimulus evaluation, response selection, and response execution. In research analyzing the chronornetry of mental ability, it is now common practice to distinguish response time in terms of reaction time (RT), the time required to evaluate a stimulus and to select a response, and movement time (MT), the time required to execute a motor response. RT and MT are differentiated through the use of an apparatus with a home button and response buttons, where RT is defined as the time from stimulus onset to the lift-off from the home button, and MT is defined as the time from lift-off to the pressing of a response button (Jensen & Munro, 1979) . Studies using this RT-MT distinction find that extraverts have faster MTs than introverts (Barratt, 1967; Rammsayer, Netter, & Vogel, 1993; Stelmack, Houlihan, & McGarry-Roberts, 1993) . RT, when measured as a lift-off, does not usually show a correlation with extraversion on RT tasks. However, when the interval between the warning stimulus and the imperative stimulus to respond is lengthened, requiring response inhibition, there are reports of RT being slower for extraverts than for introverts (Robinson & Zahn, 1988; Zahn, Kruesi, Leonard, & Rapoport, 1994) .
In a previous study that also employed ERPs (Stelmack et al., 1993) , we observed that extraverts exhibited faster MT than introverts on several elementary cognitive tasks. There were no differences between the groups on these tasks in either RT, a measure of cognitive processing speed, or in the latency of the P3 component of ERPs, also a measure of cognitive processing speed but one that is relatively independent of response production processes. The salient effect hi that study, then, referred individual differences in extraversion to simple motor processes rather than to cognitive processing speed or to the analysis of components required for task performance. In the present study, our primary objective was to extend the examination of these individual differences in motor processes by manipulating response execution and selection demands. Event-related brain potentials were recorded concurrently with response time measures during the performance of two tasks. In a simple reaction time task, we varied the stimulus intensity of the signal to respond and the motor response demands (ballistic movement distance). In a stimulus-response compatibility task, we varied stimulus evaluation and response selection demands by requiring participants to make responses that were either compatible or incompatible with information in congruent or incongruent stimulus arrays.
The behavioral response measures, RT and MT, that were obtained in this work were extensively analyzed in a previous article (Doucet & Stelmack, 1997) . A salient effect was that in both tasks and across all conditions, the MTs of extraverts were substantially and consistently faster than those of introverts. Further, the magnitude of the difference between groups remained constant despite increases in response button distance, indicating that the differences were at the level of movement initiation, rather than in the ballistic phase of the movement. There were no reliable differences between extraversion groups on the RT measure. This effect clearly implicates fundamental, peripheral motor mechanisms in individual differences in extraversion. In this present analysis, we focus on concurrently recorded ERP measures that articulate differences in cognitive processing and response execution, and we examine their relation to extraversion. This ERP analysis provides unique information about stimulus evaluation processes that are independent of response selection and execution.
version. An unresolved issue is whether the faster (undifferentiated) response times observed for extraverts compared with introverts are due to faster cognitive processing speed, or, as we have argued, to faster response execution (MT) processes. The issue bears on the question of whether, or to what extent, individual differences in extraversion involve central cortical processes or peripheral motor response processes or both. The latency of the P3 wave of the ERP is purported to provide a measure of speed of cognitive processing that is relatively independent of response selection and execution processes. This was effectively demonstrated by Kutas, McCarthy, and Donchin (1977) in a task that manipulated speed and accuracy instructions as well as semantic categorization difficulty. Speeded instructions decreased response time measures, but had no effect on P3 latency. Both P3 latency and response time increased with increased task demands, specifically categorization difficulty. Similar effects were observed on a Stroop task, on which the correct response was determined by word meaning rather than by the ink color that the word was presented in. Ink color that was incompatible with the correct response resulted in delayed response times but had no effect on P3 latency (Duncan-Johnson, 1981) . This effect also emerged in a task that manipulated both noise within a stimulus (irrelevant stimuli that flanked the target stimuli) and response compatibility. In that study, both response time and P3 latency were slower in noisy stimulus conditions. Response incompatibility also delayed both response time and P3 latency, but the effects of response incompatibility were far larger in response time measures than in P3 latency measures (Magliero, Bashore, Coles, & Donchin, 1984) .
Investigators also examined whether individual differences in extraversion are evident in P3 latency measures, reasoning that if introverts are more cortically aroused than extraverts, then this difference will manifest itself in faster cognitive processing speeds and, therefore, shorter P3 latencies. In the few studies that report P3 latency data in relation to extraversion, most found that there were no differences in P3 latency between introverts and extraverts (Cahill & Polich, 1992; Ditraglia & Polich, 1991; Ortiz & Maojo, 1993; Polich & Martin, 1992; Pritchard, 1989; Stenberg, 1994) . One exception is a study using a stimulus-response compatibility task in which introverts displayed shorter P3 latencies (and longer response time) than did extraverts (Brebner, 1990) . This effect was said to endorse the view that introverts are "geared to inspect," meaning that they derive excitation from stimulus analysis, disposing them to continue in or augment activities involving stimulus analysis (Brebner, 1983 ).
The present analysis focuses on ERPs that were recorded concurrently with RT measures as participants performed simple reaction time and stimulus-response compatibility tasks. Because the latency of the P3 component of the ERP provides a measure of speed of cognitive processing that is relatively independent of response selection and execution, it is a discrete measure that can help clarify whether individual differences in extraversion involve differences in cognitive processing speed.
Method Extraversion, Speed of Cognitive Processing, and ERPs Participants
As previously noted, response time was a method of choice in a broad range of tasks investigating individual differences in extraSixty-seven female university students volunteered their participation for the experimental sessions. The age of the participants ranged from 18 to 30 years (Af = 22, SD = 3). The participants were selected on the basis of scores on the Extraversion scale of the Eysenck Personality Questionnaire-Revised (EPQ-R; Eysenck & Eysenck, 1991) to form 3 groups, with introverts scoring between 0 and 11, ambiverts between 13 and 17, and extraveits between 18 and 23. Of the 67 participants, 50 completed both the simple reaction time and stimulusncesponse compatibility tasks. Seven participants took part only in the simple reaction time task (N = 57; mean extraversion scores for 19 each of extraverts, M = 20.4; ambiverts, M = 15.2; and introverts, M -5.8} and 10 others only in the stimulusresponse compatibility task (N = 60; 20 each of extraverts, M = 20.4; ambiverts, M = 15.2; and introverts, M = 6.3). There were no significant differences in age or personality scores on Neuroticism (M ~ 12.5) or Psychoticism {M = 5.4} between the samples for each task. The intercorrelations of the personality scales of the EPQ-R for both samples are shown in Table 1 .
All participants reported that they were right-handed. They presented with normal hearing (thresholds £ 15 dB sound pressure level [SPL] when tested at 500 Hz) and with normal or corrected-to-normal vision. They reported no motor impairments, and they were not taking any medication other than oral contraceptives. Participants were nonsmokers, and they were instructed to refrain from ingesting caffeine for 4 hr prior to testing.
Response Apparatus
A response box was constructed with a home button and with target buttons to the left and right of the home button. RT was defined as the time from target stimulus onset to the release of the home buttoa, and MT was defined as the time from the release of the home button to the pressing of a target button. In the simple reaction time task, stimuli were presented in blocks that required the use of a different target button located at either 7, 15, or 23 cm (3,6, or 9 in., angled at 30°, 65°, and 75°, respectively) to the left of the home button. The stimulus-response compatibility task used the home button and two target buttons, each at 7 cm and 30° to the left and right of the home button. Templates were used to reveal only the buttons used in that block of trials and mask the unused buttons. The same finger that was kept on die home button was used for responding. trials. In the first condition (0 cm), participants were required to simply lift off from the response button. In the other three conditions, the response button was located either 7, 15, or 23 cm from the home button. The order in which the four distances (0, 7, 15, 23 cm) were presented was counterbalanced across participantsParticipants were instructed to visually focus on the response button being used and to avoid shifting their gaze to the home button.
Stimulus-response compatibility task. The stimulus array consisted of a set of arrows presented in the center of the monitor in black characters against a white background. The arrow arrays were either congruent, that is, all pointing in the same direction (»»> or <««), or incongruent, with the middle arrow pointing opposite to the flanking arrows (>><» or «><<). Participants were instructed to focus on the middle arrow. The stimulus array was preceded by an instructional cue word, indicating whether the response was to be compatible or incompatible with the direction of the middle arrow. If the cue word was "SAME," participants were to respond by pressing a target button located in the same direction as the middle arrow pointed (compatible response). If the cue word was "OPPOSITE," participants were to respond by pressing the target button located in the direction opposite from where the middle arrow pointed (incompatible response). Thus, there were four conditions: congruent arrays with (a) compatible and (b) incompatible instructions and incongruent arrays with (c) compatible and (d) incompatible instructions.
The instructional cue word was presented for 300 ms, followed by a 200-ms pause (blank screen), then the target stimulus (arrow array) was presented for 900 ms. The next cue word appeared 1,000 ms later, resulting in a trial-to-trial interval of 2,400 ms. The presentation order of the stimulus conditions was randomized, but the same sequence was presented to each participant. Each of the four conditions was presented 150 times, for a total of 600 trials. A recess of 2 to 5 min was given after every 200 trials. Participants were given practice trials in blocks of 25 to familiarize them with the paradigm. These were repeated until 75% accuracy was Participants were instructed to visually focus on the center of the computer monitor and to avoid looking at the response box. Participants did not have any problems complying with this request.
Procedure
Participants were seated 0.5 m (1.5 ft) in front of a computer monitor in a sound-attenuated room. They were instructed to continually press the home button until the signal to respond was given. Participants were also instructed to respond as quickly and as accurately as possible.
Simple reaction time task. The requirement to respond was signaled by the presentation of target tones, 500 Hz, at either 70 or 85 dB SPL, with a duration of 105 ms and a rise and fall time of 5 ms. The intertrial interval, from the onset of one trial to the onset of the subsequent trial, was 3,000 ms. Four conditions consisting of 120 trials were presented, with intensities presented in random order with equal probability within each block of 
EEG Recordings
The electroencephalogram (EEG) was recorded from Ag/AgCl electrodes affixed to the midline frontal (Fz), central (Cz), and parietal (Pz) scalp sites. The horizontal electro-oculogram (EOG) was recorded from electrodes placed on the outer canthi of each eye. The vertical EOG was recorded from electrodes placed on the supra-and infra-orbital ridges of the left eye. The reference electrode was on the left mastoid. Interelectrode impedances were below 2 kOhms. The high filter was set at 30 Hz, and the time constant at 2 s. The EEG and EOG were sampled at 512 Hz and stored continuously to hard disk. All recordings were performed with InstEP software. Prior to averaging, the data were corrected for eye movement artifacts (Woestenburg, Verbaten, & Slangen, 1983) . Off-line, the data were further digitally filtered with a high filter set at 10 Hz. The digital filter operated in the frequency domain using an inverse Fast Fourier Transform (FFT) algorithm. Single trials were reconstructed beginning 100 ms prior to stimulus onset and continuing for 1,000 ms following it. Single trials were sorted and averaged according to electrode location, stimulus category, and response accuracy. Only trials having correct detection were included in further analyses.
OR the waveforms from the SRT task, a positive polarity peak at approximately 380 ms (P3) was evident in individual simple reaction time waveforms but was masked in the grand average waveforms. We scored the latency of the P3 component by determining the maximum positive amplitude between 275 and 550 ms on individual averaged waveforms at the Pz electrode site. P3 amplitudes were measured relative to a 100-ms prestimulus baseline. A negative ERP wave that developed about 100 ms (Nl) following the onset of the tone that was a signal to respond also exhibited individual differences between extraversion groups. The amplitude of the Nl wave was scored by determining the maximum negative amplitude between 75 and 175 ms at the Fz electrode site relative to a 100-ms prestimulus baseline.
On the stimulus-response compatibility task, the waveforms depict the response to both the instructional cue word and the stimulus array. We scored the latency of the P3 component by determining the maximum positive amplitude between 275 and 600 ms on individual averaged waveforms at the Pz electrode site. P3 amplitudes were measured relative to the 100-ms prestimulus baseline prior to the presentation of the stimulus array.
Results

Simple Reaction Time Task
Results from the simple reaction time task inform us of individual differences in speed of cognitive processing when stimulus evaluation demands were minimal. On each trial, a simple tone signaled the participant to respond. Neuroticism scores were used as a covariate in all analyses. RT, MT, P3, and Nl data were analyzed using three-way analyses of covariance (ANCOVAs), with group (extravert, ambivert, introvert) as a between-subjects factor, and with repeated measures on response button distance (0, 7, 15, and 23 cm) and stimulus intensity (70 and 85 dB SPL) factors. The effects of the order in which the response button distances were presented were analyzed in an additional three-way analysis of variance (ANOVA), with order as the between-subjects factor, and repeated measures on response button distance (7, 15, and 23 cm) and intensity (70 and 85 dB SPL) factors. The Greenhouse-Geisser epsilon was used to correct degrees of freedom, and only corrected significance levels are reported. All post hoc tests were performed with Tukey's Honestly Significant Difference procedure.
Performance measures. The performance measures, RT and MT, for the extraversion groups on the simple reaction time task that were analyzed in our previous report (Doucet & Stelmack, 1997) are summarized here. Across the 7-, 15-, and 23-cm response button distances, respectively, mean MT was consistently faster among the extraverts (150, 217, and 256 ms) than among the introverts (192, 260 , and 297 ms). The difference in mean MT between groups remained constant as response button distance increased (42, 43, and 41 ms). This indicates that the differences between introverts and extraverts occur in the initial phase of the movement, not in the ballistic phase of moving to the response button. There were no differences in RT between the groups.
P3 component Because the P3 component was not consistently visible in the individual records of the simple lift-off (0 cm) condition, it was only scored for the conditions in which a button press was required. The scalp distributions of the P3 waves followed a linear increase in amplitude from Fz to Pz sites. The morphology and latencies observed in the waveform were comparable to those observed by Falkenstein, Hohnsbein, and Hoormann (1993) , McGarry-Roberts, Stelmack, and Campbell (1992) , and Ritter, Simson, and Vaughan (1972) , with similar stimulus parameters and task requirements. Figure 1 shows the grand average waveforms for each group at each response button distance.
The order in which the response button distances were used had no significant effects on P3 latency or amplitude, F < 1. For P3 amplitude, effects of intensity of the stimulus to respond approached significance, F(l, 54) = 3.69, p < .06, with the 85-dB tones tending to elicit larger P3 amplitudes than the 70-dB tones. P3 amplitudes also tended to increase with increasing response button distance. This trend approached statistical significance, F{2, 108) = 2.90, p < .06, e = .86. There were no significant differences in P3 amplitude for groups, F < 1, nor were there any significant interactions.
For P3 latency, the 85-dB tones elicited shorter mean P3 latencies than the 70-dB tones (373 ms vs. 401 ms), F(l, 54) = 28.5, p < .0001. Similar intensity effects between stimulus intensity and P3 latency were previously observed (Papanicolaou, Loring, Raz, & Eisenberg, 1985; Sugg & Polich, 1995) . P3 latency also increased with increasing response button distance, F(2, 108) = 10.6, p < .0001, e = .85. This effect, which challenges the view that P3 is independent of response execution, prompted further data collection and a thorough statistical analysis (Doucet & Stelmack, 1999) . The effect of response button distance is a modest one, as it is only maintained under conditions of minimal stimulus evaluation demands. Increasing stimulus evaluation demands even slightly, as in a choice response time task, obscures the effect.
Although P3 latency increased with increases in intensity of the auditory stimulus, no individual differences between introverts and extraverts were observed with this measure on the simple reaction time task, F < 1. Thus, neither the P3 latency nor RT measures of cognitive processing speed vary with extraversion on this simple reaction time task.
It should be noted that significant differences between groups were observed in the amplitude of the Nl component of the ERP waveform at frontal electrode sites (Fz) to the auditory tones that were the signals to respond in the simple reaction time task. Mean Nl amplitude for the 85-dB tones (-6.2 /LIV) was larger than for the 70-dB tones (-5.8 JAV), F(l, 46) = 4.9, p < .03, an effect illuminating the sensitivity of Nl to differences in stimulus intensity. As shown in Figure 1 , introverts exhibited larger mean Nl amplitudes (-7.9 JU-V) than did ambiverts (-5.5 ^V) and extraverts (-4.6 JLIV), F(2, 45) = 6.17, p < .005. Post hoc analysis revealed that this group effect was significant at each response button level and at both stimulus intensities. The larger Nl amplitudes to the tones for introverts compared with extraverts are indicative of greater sensory reactivity to punctate stimuli for introverts compared with extraverts and affirms that introverts are more reactive to auditory stimulation than are extraverts.
Stimulus-Response Compatibility Task
The stimulus-response compatibility task was designed to assess individual differences with respect to speed of response selection and speed of cognitive processing when stimuli and responses were placed to either facilitate or compete for processing resources. We manipulated cognitive processing demands by using arrow arrays with middle arrows that were either congruent or incongruent to flanker arrows. Response execution demands were kept constant by using only one response button distance (7 cm).
In this stimulus-response compatibility task, P3 data were analyzed with a three-way ANCOVA, with group (extravert, ambivert, introvert) as a between-subjects factor, with repeated measures on stimulus congruency (congruent, incongruent) and response compatibility (compatible, incompatible) factors, and Mean RTs were faster to arrow arrays with congruent flankers Introverts (509 ms) than to arrays with incongruent flankers (574 ms), and were faster when response instructions cued compatible responses (527 ms) than when they cued incompatible responses (556 ms). In the congruent incompatible condition, the RTs of extraverts (510 ms) were faster than those of ambiverts (536 ms) and introverts (543 ms), but they were not in the other three conditions. This indicates that when stimuli are congruent, extraverts react to the demands of response incompatibility faster than do introverts or ambiverts. Given that this is an isolated effect, emerging in a three-way interaction, it is difficult to attribute the effect to the influence of either stimulus congruency or response incompatibil-7 cm ity and is perhaps best regarded as a spurious effect. This is underscored by the failure of the correlation between extraversion and RT for this condition to exceed the .05 level of confidence (r = -.15, p -.18). On the other hand, as indicated in our previous report (Doucet & Stelmack, 1997) significant negative correlations between extraversion and omission errors were observed for both the congruent-incompatible (r = -0.25, p -.05) and the incongnient-incompatible (r = -0.29,^ = .03) conditions. This does indicate that extraverts had less difficulty than did introverts in initiating responses in the incompatible response conditions. Across all conditions, the mean MTs of extraverts (149 ms) were between 38 and 41 ms faster than those of introverts (188 ms). MTs of extraverts were also faster to arrays with congruent flankers than to arrays with incongruent flankers. This effect was small (9 ms) compared with the delays observed in RT (65 ms) and indicates that MT is only minimally affected by stimulus evaluation processes. These data replicate the effect of faster MTs for extraverts observed in the simple reaction time task and endorse the view that individual differences in extraversion are referred to differences in fundamental motor processes. 15 cm P3 component. With respect to P3 amplitude, there is good agreement that P3 amplitude is larger when task difficulty is easier. In the present study, arrow arrays with congruent flankers (3.73 fjiV) elicited larger P3 amplitudes than did arrays with incongruent flankers, (2.53 /xV), F(l, 57) -22.46, p < .0001. Also, compatible response conditions elicited larger amplitudes (4.59 fxV) than did incompatible response conditions (1.67 JAV), F(l, 57) = 74.65, p < .0001. These results are consistent with task-related effects as reported by Bashore (1990) and Magliero et al. (1984) and with the view that P3 amplitude varies inversely with task difficulty (e.g., Picton, 1992) . There were no group differences in P3 amplitude (F < 1). Grand average ERP waveforms for the stimulus-response -3.00 pv 23 cm 100 ms 1001 ms Figure 1 {opposite). Grand average waveforms, combining both the 70-and 85-dB signal to respond conditions, obtained during 7, 15, and 23 cm (3, 6, and 9 in., respectively) distance conditions of the simple reaction time task. The amplitude of the Nl wave, indicated by one arrow ( j ), is significantly larger for introverts than extraverts across all movement distances. There are no differences between the extraversion groups in the latency of the P3 wave, indicated by two arrows (/"/*). Fz = midline frontal electrode site; Cz = central electrode site; Pz = parietal electrode site.
-100 ms Cue onset Arrow array onset Figure 2 , Grand average waveforms for each group and condition during the stimulus-response compatibility task. The latency of the P3 wave, indicated by two arrows (/"/"), is shorter for congruent than incongruent stimuli. P3 latency for extraverts tends to be longer than it is for introverts in the congruent-incompatible and incongruent-compatible conditions. Fz = midline frontal electrode site; Cz = central electrode site; Pz = parietal electrode site.
compatibility task for extraverts, ambiverts, and introverts are presented in Figure 2 . With respect to P3 latency, arrow arrays with congruent flankers elicited shorter mean P3 latency (362 ms) than did arrays with incongruent flankers (411 ms), F(l, 57) = 44.80,p < .00001. This effect confirms the sensitivity of P3 latency to stimulus evaluation processes. There were no significant differences in P3 latency between the compatible and incompatible response conditions, F(l, 57) = 1.71, p < .20, confirming that P3 latency is independent of response selection demands under these conditions. There was a three-way interaction between group, congruency, and compatibility, F(2, 57) = 3.44, p < .04. Under compatible response conditions, all groups show longer mean latency for incongruent than for congruent stimuli. Post hoc analysis showed that this increase in latency for incongruent stimuli is significant for extraverts (72 ms) and ambiverts (78 ms) but not for introverts (23 ms).
There were no overall group differences in P3 latency within conditions, F(2, 56) = 1.97, p < .15, nor were there any interactions between group and congruency (F < 1), group and compatibility (F < 1), or congruency and compatibility, F(l, 57) = 2.13, p < .15. Post hoc comparisons between the extra version group means revealed that when each of the four conditions is examined separately, the three groups did not differ from each other. Linear trend analysis, however, indicated that the effect of extroversion group was near significance, F(l, 56) = 3.9, p < .052. In three conditions, P3 latency is longer for extraverts than for introverts, but in the congruent compatible condition, P3 latency for extraverts is somewhat shorter than it is for introverts. In summary, P3 latency is sensitive to the cognitive processing demands of the task and, under some conditions, sensitive to group differences in cognitive processing speed. The means for P3 latency for extraverts, ambiverts, and introverts for each condition are graphed in Figure 3 . The partial correlations between extraversion and RT, MT, P3 latency, and Nl amplitude (disregarding the negative sign), controlling for Neuroticism, are presented in Table 2 to summarize the size of effects observed for both the simple reaction time task and the stimulus-response compatibility task. There are small nonsignificant negative correlations between extraversion and RT, consistent significant negative correlations with MT, and significant negative correlations with Nl amplitude. The correlations between extraversion and P3 latency reveal that in two conditions, incompatible-congruent and compatible-incongruent, P3 latency and extraversion are positively correlated (r = .29 and .26, respectively, p < .05). In both of these conditions, the direction indicated by the task-irrelevant flankers is in conflict with the direction of the correct response button (flanker incompatible). In the two conditions in which extraversion is not correlated with P3 latency, the flankers are pointing in the same direction as the correct response button (flanker compatible). The longer P3 latencies for extraverts in the flanker incompatible conditions seem to indicate that extraverts require additional processing time when taskirrelevant stimulus information conflicts with response selection demands.
Discussion
The latency of the P3 component of the ERP is a wellestablished measure of cognitive processing speed that complements behavioral RT measures. In the present study, RT and P3 latencies were shorter to congruent than to incongruent arrow arrays, replicating the effects in the literature and underscoring the sensitivity of these measures to differences in stimulus evaluation processing demands (Bashore, 1990; Magliero et al., 1984; McCarthy & Donchin, 1981) . RTs were faster to instructions cuing compatible responses than to those cuing incompatible responses, but these conditions did not differentially affect P3 latency. These findings are in agreement with studies that cued compatibility or incompatibility by using words that precede the presentation of the target stimulus (Magliero et al., 1984; McCarthy & Donchin, 1981) and they affirm that P3 latency measures are relatively independent of response selection processes.
The outcome of the ERP analysis of the simple reaction time task is straightforward. No differences in P3 latency between extraversion groups were observed. Therefore, there is no evidence of differences between introverts and extraverts in cognitive processing speed when stimulus evaluation demands to respond are minimal (i.e., a simple auditory signal to respond). The salient effect in the performance of this task remains the faster MT of extraverts compared with introverts, an effect that is attributed to the initiation of the movement. The size of the MT effect is constant across the movement distances and therefore cannot be attributed to the ballistic component of the movement. It was also observed in the simple reaction time task that the amplitude of an early negative ERP wave to the auditory signal to respond, Nl, was larger for introverts than for extraverts. This effect is consistent with the greater reactivity of introverts to punctate stimuli that is frequently observed with a variety of psychophysical and psychophysiological recording procedures (Stelmack, 1997) .
The outcome of the ERP analysis of the stimulus-response compatibility task is not straightforward. No differences in P3 latency between extraversion groups were observed in the congruent-compatible or in the incongruent-incompatible condition. This result is in agreement with the null effects between extraversion groups with the RT lift-off measure for these conditions and with the null effects for P3 latency in the simple reaction time task. Although the stimulus evaluation and response selection requirements in these conditions are more demanding than in the simple reaction time task, there is no evidence of differences between introverts and extraverts in cognitive processing speed in the conditions in which stimulus and response demands were not in conflict. In the congruent-incompatible and incongruentcompatible conditions, however, P3 latency was longer for extraverts than for introverts. In both of these conditions, stimulus evaluation and response selection requirements are in conflict. This would seem to suggest that additional processing time to resolve the conflict is necessary for extraverts compared with introverts.
The question of what this additional processing time involves cannot be decided with the present data. These effects do center on the interaction of stimulus information that conflicts with response selection. An ERP component that may be helpful in addressing the question is the lateralized readiness potential that provides measures that are sensitive to error correction and the inhibitory activity that can develop prior to response selection and that can delay P3 latency (Gratton, Coles, Sirevaag, Eriksen, & Donchin, 1988) .
An effect that is clearly without complication across stimulusresponse compatibility conditions is the faster MT for extraverts than for introverts. This response execution effect, which compounds the effect observed in the simple reaction time task, is minimally influenced by stimulus evaluation and response selection demands. To the extent that RT and MT distinguish between cortical response selection processes and peripheral response execution processes, individual differences in MT between introverts and extraverts are more easily attributed to differences in fundamental, peripheral motor processes.
Overall, there is scant evidence in this report from either the P3 latency or RT lift-off analysis that links the extraversion trait to individual differences in cognitive processing speed on these motor performance tasks. The faster initiation of movement for extraverts appears as a robust effect that is consistent with their self and social descriptions and with controlled observation of differences between introverts and extraverts in their expression of motor activity. The view that differences in extraversion are determined primarily by central cortical arousal mechanisms (Eysenck, 1967 ) was challenged by evidence that differences in the extraversion trait may involve peripheral brainstem (Stelmack & Wilson, 1982; Swickert & Gilliland, 1998) and spinal motoneuronal processes (Stelmack & Pivik, 1996) . The outcome of this study also highlights the contribution of peripheral, motor processes to variation in extraversion.
